Background: Information on the optimal salvage regimen for recurrent esophageal cancer is scarce. We aimed to assess the patterns of locoregional failure, and evaluate the therapeutic efficacy of salvage therapy along with the prognostic factors in recurrent thoracic esophageal squamous cell carcinoma (TESCC) after radical esophagectomy. Methods: A total of 193 TESCC patients who were diagnosed with recurrence after radical surgery and received salvage treatment at our hospital were retrospectively reviewed from 2004 to 2014. The patterns of the first failure were assessed. The post-recurrence survival rate was determined using the Kaplan-Meier method and analyzed using the log-rank test. Multivariate prognostic analysis was performed using the Cox proportional hazard model. Results: The median time of failure was 7.0 months. Among the 193 patients, 163 exhibited isolated locoregional lymph node (LN) recurrence and 30 experienced locoregional LN relapse with hematogenous metastasis. Among the 193 patients, LN recurrence was noted at 302 sites; the most common sites included the supraclavicular (25.8%; 78/302) and mediastinal LNs (44.4%; 134/302), particularly stations 1 to 6 for the mediastinal LNs (36.4%; 110/302). The median overall survival (OS) was 13.1 months after recurrence. In those treated with salvage chemoradiotherapy, with radiotherapy, and without radiotherapy, the 1-year OS rates were 68.5, 55.0, and 28.6%; the 3-year OS rates were 35.4, 23.8, and 2.9%; and the 5-year OS rates were 31.8, 17.2, 2.9%, respectively (P < 0.001). Furthermore, patient survival in those who received salvage chemoradiotherapy was significantly better than those treated with salvage radiotherapy alone (P = 0.044). Multivariate analysis showed that the pathological TNM stage and salvage treatment regimen were independent prognostic factors. Conclusions: Supraclavicular and mediastinal LN failure were the most common types of recurrence after R0 surgery in TESCC patients. Salvage chemoradiotherapy or radiotherapy could significantly improve survival in esophageal cancer with locoregional LN recurrence.
Background
Surgical resection is the mainstay for potentially curable esophageal cancer. However, locoregional recurrence (LRR) is the most common pattern of recurrence, and is noted in up to 23.8-58 .0% of cases, whereas hematogeous metastasis is noted in approximately 5.5-33.0% of cases [1] [2] [3] [4] [5] [6] . The median time to recurrence ranges from 7 to 12.5 months [7] [8] [9] . According to the National Comprehensive Cancer Network (NCCN) guidelines, salvage chemoradiotherapy is preferably recommended for such patients with recurrence. However, this recommendation is based on only a few retrospective studies with small sample sizes. Hence, the optimal recommendation for these patients remains unclear, and further studies on salvage treatment are required. In the present study, we aimed to retrospectively analyze the patterns of relapse and therapeutic efficacy of salvage therapy in our institution.
Methods

Eligibility criteria
The study enrolled patients who were diagnosed with LRR and who received salvage treatment at our institution after radical esophagectomy (R0) of TESCC. Patients who underwent neoadjuvant or adjuvant therapy were excluded.
Patients and treatments
There were 193 patients eligible from January 2004 to December 2014, including 165 male and 28 female patients (median age, 60 years; mean age, 59.7 ± 8.6 years). Of these 193 patients, 163 exhibited locoregional LN recurrence alone and 30 exhibited locoregional LN relapse in combination with hematogenous metastases. After recurrence, 48 patients received salvage chemoradiotherapy (SCRT), 109 received salvage radiotherapy (SRT), and 36 received salvage chemotherapy or best supportive care (No RT) due to the presence of LN recurrence in multiple regions and/or hematogenous metastases (Table 1) . Radiation therapy was delivered via a 6 MV X-ray linear accelerator. The median dose was 60 Gy (30 Gy in 1, 40-49 Gy in 6, 50-59 Gy in 45, 60-70 Gy in 103, and unknown in 2 patients). A total of 95 patients received involved field irradiation, whereas 60 patients underwent elective field radiotherapy. The most common chemotherapy regimen included platinum combined with taxane. Of the 66 patients received chemoradiotherapy or chemotherapy, there were 22 cases received paclitaxel plus nedaplatin, 25 received paclitaxel plus cisplatin, 9 received cisplatin plus 5fluorouracil, and 10 received other regimens. Best supportive care involved nutritional support therapy, analgesic therapy, and anti-infective therapy. The main objective was to improve the quality of life.
Follow up
All patients were assessed at 3-month intervals for the first 2 years after treatment, at 6-month intervals for the next 3 years, and annually thereafter. Computed tomography of the neck, thorax, and upper abdomen using contrast; ultrasonography of the neck and upper abdomen; nuclear bone scanning; conventional blood studies; and biochemistry studies were performed at each followup, in addition to gastric endoscopy, positron emission tomography, or cytologic puncture, as needed. Relapses were classified as LRR and distant metastasis (DM). Overall survival (OS) was defined as the interval between recurrence and death from any cause, loss to follow-up, or last follow-up. The disease-free survival (DFS) time was defined as the interval between surgery and first recurrence.
Statistical analysis
The survival rate was calculated by the Kaplan-Meier method and analyzed using the log-rank test. Multivariate analyses were performed to identify the prognostic factors for post-recurrence OS using the Cox proportional hazards model. All tests were two-sided, and P values < 0.05 were considered to indicate statistical significance. All the statistical analyses were performed using the Statistical Package for Social Sciences 23.0 software (SPSS Inc., Chicago, IL).
Results
Distribution of resected LNs and failure patterns in locoregional LNs
A total of 148 patients received Sweet esophagectomy and 45 patients underwent the Ivor-Lewis approach. The upper mediastinal LNs were defined as those in the tracheoesophageal groove; with the recurrent laryngeal nerve; at stations 2, 3p, 4, and 5; and with the paraaorta. In total, 201 LNs were resected, including 34 that were confirmed as having metastases (16.9%). Furthermore, 2086 LNs were resected from the paraesophageal and subcarina regions, and only 133 (6.4%) had metastases. The metastasis rate of abdominal LNs was 7.2% (131/1812; Fig. 1a ).
Supraclavicular and mediastinal LNs were the most common sites of recurrence (16.6 and 46.6%, respectively). The recurrence rate in the upper abdominal LNs was only 8.8%. Among the 193 patients, 302 sites with LRR were noted, including 36.4% (110/302) of sites in the 1 to 6 mediastinal regional LNs and 25.8% (78/302) of sites in the supraclavicular LNs ( Table 2 and Fig. 1b ).
Survival rates in different subgroups
The final follow-up was performed on November 24, 2018, with a median follow-up of 96.8 months. The median survival time after recurrence was 13.1 months. The 1-, 3-, and 5-year OS rates after recurrence were 53.5, 22.7, and 17.9%, respectively. The median survival time for patients with SCRT, SRT, and No RT were 23.2, 16.2, and 5.7 months, respectively. Moreover, in those with SCRT, SRT, and No RT, the 1year OS rates were 68.5, 55.0, and 28.6%; 3-year OS rates were 35.4, 23.8, and 2.9%; and 5-year OS rates were 31.8, 17.2, and 0.0%, respectively (P < 0.001; Fig. 2 ). Moreover, there was a significant survival benefit in favor of the SCRT group, relative to the SRT group (P = 0.044).
Two patients were excluded because the radiation dose was unknown. A total of 52 patients received radiation at a dose < 60 Gy, and their median survival time after salvage treatment was 12.0 months; the 1-, 3-, and 5-year OS rates of these patients were 48.5, 20.3, and 13.9%, respectively. Moreover, 103 patients received a dose of ≥60 Gy, and their median survival time was 21.9 months; the 1-, 3-, and 5-year OS rates in these patients were 65.5, 31.2, and 25.3%, respectively. The differences in OS rates between these groups were significant (P = 0.026; Fig. 3 ). LN recurrence above the diaphragm was noted in 139 cases, recurrence in the subphrenic LNs was noted in 24 cases, and LN recurrence with hematogenous metastasis was observed in 30 cases; in these 3 scenarios, the 1-year OS rates were 57.5, 34.8, and 49.8%; 3-year OS rates were 28.5, 4.3, and 10.7%; and 5-year OS rates were 22.0, 4.3, and 10.7%, respectively (P = 0.001; Fig. 4a ). Single region recurrence (SRR) was defined as LN recurrence in only one region, whereas multiple region recurrence Fig. 4b ).
Univariate analysis indicated that the pathological N stage, pathological TNM stage, salvage treatment regimen, recurrence site, and number of recurrent regions were associated with the OS. Furthermore, multivariate analysis showed that the pathological TNM stage and salvage treatment regimen were independent prognostic factors ( Table 3 ).
Discussion
Esophagectomy remains the standard treatment for esophageal cancer. The NCCN guidelines recommend surveillance after radical resection, regardless of the status of primary tumor or regional LN. However, the recurrence rate in these cases remains high, which is a major reason for failure after surgery.
Recent studies have found that supraclavicular and mediastinal LN recurrence are the most common [5, [10] [11] [12] , although the abdominal LN relapse rate remains at approximately 9.3% [11, 12] , consistent with our study. LN dissection around the tracheoesophageal groove and recurrent laryngeal nerve is known to be difficult via Sweet esophagectomy. In the present study, only 23.3% of patients underwent Ivor-Lewis esophagectomy, which reportedly has a higher LN retrieval relative to the Sweet approach, particularly for upper mediastinal LNs [13] . In contrast, the paraesophageal, subcarina, and abdominal LNs are easy to resect via both surgical procedures. Therefore, the bilateral supraclavicular (16.6%) and upper mediastinal (36.4%) regions were the main sites of LN recurrence in our study.
The possible treatments for recurrence include SCRT, surgical resection, SRT, chemotherapy, or best supportive care. The NCCN guidelines recommend SCRT as preferable in patients with LRR who do not receive prior radiotherapy. However, there is a lack of studies with a large sample size on the most effective salvage therapeutic strategies.
The survival rate of salvage treatment is reportedly poor after recurrence. The 1-and 3-year OS rates are approximately 45.9-47.1% and 10.6-17.1%, respectively, whereas the 5-year OS rates are only 4.3-6.4% [14, 15] . In the present study, the 1-, 3-, and 5-year OS rates were 53.5, 22.7, and 17.9% respectively, which are slightly higher than the above-mentioned results. There may be some key reasons for this difference. First, early recurrence detection was the main focus for improving the salvage treatment effect in our study, so that patients could receive prompt treatment. The median time to recurrence was 7.0 months in our study, compared to 13.0-15.0 months in the abovementioned studies. Second, 83 (43.0%) patients had SRR in our study, and the OS of these cases was markedly higher than that of cases with MRR. Moreover, the present study included approximately 55.0% of patients with original pathological stage IB-IIA, which was more than that (36.3%) in the study of Su et al. [15] . Finally, 81.3% (157/193) patients received SCRT and SRT in our research, whereas only 42.6% (81/190) patients received SRT in the study of Su et al. [15] . Therefore, close follow- Fig. 3 The overall survival rates after recurrence, stratified by the dose of radiation Fig. 4 a The overall survival rates after recurrence according to the site of recurrence in relation to the diaphragm; b The overall survival rates after recurrence based on the number of recurrent LN regions up, early recurrence detection, SRR, and timely salvage treatment were vital factors leading to favorable results in the recurrent patients.
The optimal salvage strategies in patients with LRR remain controversial. SCRT was found to confer better survival than SRT in the present study, consistent with that noted in previous studies [16, 17] . Although these studies were retrospective in nature, they support the importance of salvage treatment for LRR, particularly that of SCRT. However, the outcomes of SCRT and SRT after recurrence remain unclear. Nemoto et al. [9] found that SRT combined with chemotherapy had better local control rates but not OS. In contrast, SRT was found to be superior to SCRT in another small sample size study of patients with LRR and DM [18] . In the present study, SCRT had better OS than SRT, and the difference was significant. The possible reason to explain this difference includes the using of three-dimensional conformal radiotherapy in our institution besides above-mentioned early recurrence detection and earlier pathological stage. It has been reported that three-dimensional conformal radiotherapy can increase the local control rate and OS rate in nasopharyngeal carcinoma [19] and lung cancer [20] . Furthermore, chemotherapy with radiotherapy could increase the radiosensitivity [21] and improve OS, relative to radiotherapy alone, in nasopharyngeal carcinoma [22] and esophageal cancer [23] . Thus, SCRT appears to be a superior option for specific patients.
Furthermore, the specific salvage radiation dose differs among various studies. Shioyama et al. [24] assessed 66 patients receiving a dose of ≥50 Gy and 16 patients receiving a dose of < 50 Gy, and observed 2-year and 5year OS rates of 26.0, 13.0, and 10.0%, 0.0%, respectively (P = 0.003); accordingly, the researchers believed that 50 Gy was the best radiation dose for salvage treatment. Zhang and colleagues [25] found that an irradiation dose of ≥60 Gy could improve the OS among patients with recurrent esophageal cancer after surgery (P < 0.05). Another retrospective study with a small sample size was not able to determine a significant radiation dose [18] . In the present study, the 5-year OS was 25.3% in the ≥60 Gy group, as compared to 13.9% in the < 60 Gy group (P = 0.026). Thus, we believe that a salvage dose of at least 60 Gy might be more reasonable and effective for LRR. However, as our study is retrospective in nature and was performed at a single center, it might suffer from and heterogeneity; hence, a prospective trial may be needed to confirm these findings.
Cases with LN recurrence above the diaphragm exhibited better OS than those with recurrence at the subphrenic LNs and with hematogenous metastasis. Some studies found that the location of regional LN metastases influenced survival, particularly that of celiac LN metastasis [26, 27] . However, research related to abdominal LN recurrence remains insufficient. A retrospective study showed that although the location of LN metastasis did not significantly influence survival, patients with LN metastasis around the abdominal aorta had poor survival [28] . There may be some reasons for this finding. First, LN recurrence under the diaphragm often presents with Target contouring and planning design for involved field irradiation. GTVnd (pink area), CTV (blue area), PTV (green area). The prescribed dose (IMRT) for 95% PTV was 56 Gy/2 Gy/28 f necrosis and hypoxia, which are associated with poor radiosensitivity. Second, the prescription dose in these cases is insufficient due to limitations of the stomach and intestine. Third, patients with abdominal LN recurrence might be prone to developing hematogenous metastasis. Nevertheless, further research is needed to determine the reason of poor OS for these patients.
In addition, we found that the prognosis of patients with MRR was significantly poorer than that of patients with SRR. Similarly, some studies found that the number of recurrent LNs and number of recurrent LN regions were prognostic factors [2, 7, [28] [29] [30] [31] . Researchers considered that patients with multiple recurrent tumors might be considered as having systemic recurrence at the time of diagnosis. This would affect the proportion of patients who receive radiation therapy due to the heavy tumor burden, large target area, and poor status.
Thus, the clinical findings of the present study suggest that salvage concurrent chemoradiotherapy could not only improve the synergistic effect of radiotherapy, but can also control the potential metastasis of subclinical lesions. The field and dose of radiation should be determined based on the specific recurrence type. Simultaneous Integrated Boost Intensity-Modulated Radiation Therapy (SIB-IMRT) was the optimal irradiation technology to increase the dose of regions at high risk, while simultaneously reducing the dose to organs at risk (OAR; Fig. 5 ). However, recurrence at anastomotic sites, near anastomotic sites, and near the remnant stomach can be treated with sequential radiotherapy to avoid stenosis of the anastomotic stoma or complications of the remnant stomach. For patients with heavy burden of local recurrence or extensive metastasis at multiple sites who cannot undergo radical treatment, palliative therapy was used to improve the quality of life ( Fig. 6 ).
Multivariate analysis indicated that only the original pathological TNM stage and salvage treatment regimen were independent prognostic factors. Therefore, the salvage treatment regimen is vital in patients with recurrence after radical surgery. We suggest that SCRT or SRT with a dose of ≥60 Gy is the optimal choice for LRR.
The retrospective nature of the present study is a limitation. Moreover, the number of patients across the 3 groups was not balanced. Hence, these findings should be confirmed in a large-scale prospective study.
Conclusions
Failure was most common in the supraclavicular and upper mediastinal LNs after R0 surgery in TESCC patients. SCRT or SRT with a dose of at least 60 Gy could significantly improve OS in esophageal cancer with locoregional LN recurrence.
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